INTRODUCTION {#sec1-1}
============

Intravenous anesthetic agents are mainly used for induction and maintenance of general anesthesia. Drugs such as thiopental, methohexital, etomidate, ketamine, and propofol are mainly used for induction of anesthesia as they have quick onset of action.\[[@ref1]\] Recovery is also sufficiently rapid with most intravenous (IV) drugs to permit their use for short ambulatory surgical procedures.\[[@ref1]\] Since more preference nowadays is being given to outpatient surgery, the trend is shifting from general anesthesia to monitored anesthesia care (MAC).\[[@ref2]\] Many diagnostic and minor therapeutic surgical procedures can be performed without general anesthesia using sedation-based techniques. A wide variety of IV anesthetic agents have proved to be useful in these techniques such as diazepam, midazolam, and propofol.\[[@ref1]\] Fospropofol disodium is the recently approved agent for MAC by FDA in December 2008.\[[@ref3]\] It is a water-soluble prodrug of propofol.\[[@ref4]\] According to the American Society of Anesthesiologists (ASA), MAC is a planned procedure during which the patient undergoes local anesthesia together with sedation and analgesia.\[[@ref5]\] It allows for the safe administration of a maximal depth of sedation in an excess of that provided during moderate sedation.\[[@ref6]\] Moderate sedation (also known as conscious sedation) as defined by the ASA requires that the patient should be arousable to verbal commands or light tactile stimulation. Patent airways, as well as stable cardiac and respiratory functions are maintained throughout the period of sedation.\[[@ref7]\] For the purpose of the emergency department practitioner, the term procedural sedation is used in the place of moderate sedation.\[[@ref8]\] Sedation is actually a continuum. Moderate sedation may lead to deep sedation, which, in turn, may lead to general anesthesia, which may further progress to cardiorespiratory compromise and loss of airway protective reflexes.\[[@ref8]\]

Fospropofol (FP), also known as GPI15715 or Aquavan, is a new molecular entity with sedative-hypnotic properties, to be administered intravenously and proposed for the indication of sedation in adult patients undergoing diagnostic or therapeutic procedures.\[[@ref9]\] The aqueous solubility of fospropofol provides an advantage over propofol which is available only as a lipid containing oil--water emulsion.\[[@ref4]\] However, propofol has become the most popular intravenous anesthetic for making the patients subjectively feel better in the immediate post-operative period because of reduced nausea and vomiting. However, when administered for prolonged infusions, propofol can lead to delayed arousal due to its cumulative effects. It also causes a marked decrease in blood pressure during induction of anesthesia by reducing the peripheral arterial resistance and causing venodilation.\[[@ref1]\] FP may ameliorate some of the problems associated with administration of propofol which are mentioned in [Table 1](#T1){ref-type="table"}.\[[@ref10]\]

###### 

Differences between propofol and fospropofol\[[@ref11]\]
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MECHANISM AND ONSET OF ACTION {#sec1-2}
=============================

Fospropofol disodium being a prodrug of propofol is hydrolyzed by endothelial alkaline phosphatases *in vivo* after intravenous administration releasing propofol, phosphate, and formaldehyde. Propofol derived from FP is the active compound which helps in providing sedation.\[[@ref11]\] Its mechanism of action is uncertain, but it is postulated that its primary effect is to enhance the activity of gamma-aminobutyric acid (GABA) and glycine which are the chief inhibitory neurotransmitters of central nervous system (CNS) acting on the GABA-A and glycine receptors, respectively. Hence, it helps in potentiating the inhibitory GABA synaptic currents.\[[@ref12]\] Formaldehyde released upon hydrolysis is rapidly metabolized to formate. The accumulation of formate is generally responsible for toxicity as seen after methanol ingestion. But so far, there has been no report of toxicity due to administration of fospropofol or other phosphate ester prodrugs, such as fosphenytoin.\[[@ref13]\]

The onset of action is fundamental for selection of a MAC sedation agent, but both rapid and slow onset of action present distinct aspects that may be clinically useful. A MAC sedation agent with a rapid onset of action allows for more immediate and probably more comfortable sedation. Fospropofol is generally considered to have a slow onset of action from 4 to 13 min compared to propofol, which has a rapid onset of action of about 40 s.\[[@ref14]\] This slower onset of action can be attributed to the fact that fospropofol is a prodrug which must first be metabolized to release propofol. This slower onset of action may make it possible, in some instances, to offer fewer boluses of medication for a short operation, possibly making fospropofol practical for use in an outpatient clinic performing very brief diagnostic or therapeutic procedures. However, the slow onset of action may require consideration in dosing, recognizing that there is a "lag time" between infusion and effect.\[[@ref2]\]

Pharmacokinetics {#sec2-1}
----------------

The half-life for hydrolysis of fospropofol is 8 min.\[[@ref15]\] It has a small volume of distribution and a terminal half-life of around 46 min.\[[@ref15]\] The currently published pharmacokinetic data on fospropofol were derived using an analytical method that has now been shown to be inaccurate; correct pharmacokinetic data are not yet available.\[[@ref15]\]

This analytical inaccuracy in the propofol assay was discovered by the investigators after publication of the data regarding the pharmacokinetic and pharmacodynamic properties of fospropofol and its tolerability.\[[@ref16]\]

Clinical trials {#sec2-2}
---------------

There are few published studies regarding the clinical efficacy of fospropofol in MAC sedation. \[[Table 2](#T2){ref-type="table"}\].

###### 

Evaluation of fospropofol as a MAC sedation agent in various clinical trials
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Patients undergoing colonoscopy were randomized to one of four fospropofol treatment arms: 2, 5, 6.5, or 8 mg/kg in the Cohen *et al*. study.\[[@ref17]\] A fifth treatment group served as a sensitivity reference for measurements of clinical benefits and safety which received midazolam 0.02 mg/kg. All patients received a dose of fentanyl prior to the study treatment. Sedation success was dose-dependent across all the fospropofol treatment groups. Patients were more satisfied with the feeling of adequate sedation and memory retention in the 6.5 mg/kg fospropofol group compared to the reference group receiving midazolam therapy. This study demonstrates that administration of 6.5 mg/kg dose of fospropofol provides a level of sedation that is safe and effective for patients undergoing colonoscopy. In addition, the safety profile of fospropofol compares favorably with that of other sedatives such as midazolam. The limitations were the preprocedure dose of fentanyl which could have had an additive effect in combination with fospropofol. The study was not designed or intended to compare midazolam to fospropofol but rather, midazolam was included as a reference therapy. However, the conclusions were made comparing the fospropofol arms to the midazolam reference arm.

Patients undergoing flexible bronchoscopy in the Silvestri *et al*. study\[[@ref18]\] were randomly assigned to one of two treatment groups: fospropofol 2 mg/kg or fospropofol 6.5 mg/kg in a 2:3 ratio, respectively. All patients received 50 μg fentanyl prior to the first dose of fospropofol, as well as supplemental oxygen (4 l/min). Topical lidocaine was administered for cough suppression. Sedation success rates were 88.7% (fospropofol 6.5 mg/kg group) and 27.5% (fospropofol 2 mg/ kg group).

Rex *et al*.\[[@ref19]\] evaluated sedation success and clear-headed recovery in the patients undergoing colonoscopy. Cognitive testing at the baseline (Hopkins Verbal Learning Test-Revised) was performed to evaluate recall and memory. Patients were randomized to receive fospropofol (2.0 mg/kg), fospropofol (6.5 mg/kg), or midazolam (0.02 mg/kg). The patients receiving 6.5 mg/kg fospropofol had high rates of sedation success with better memory retention than patients receiving midazolam.

Cohen *et al*.\[[@ref20]\] also evaluated significant sedation success rates of 87% *vs*. 26% for 6.5 mg/kg *vs*. 2 mg/kg and 69% in the midazolam group in patients undergoing colonoscopy.

In general, fospropofol was observed to provide adequate and better MAC sedation using the 6.5 mg/kg dose *vs*. the 2 mg/ kg dose. In all of the studies, a 50-μg dose of fentanyl was administered prior to fospropofol. At this time, there are no studies comparing the safety and efficacy of fospropofol to other agents for MAC sedation making it difficult to conclude whether certain advantages or disadvantages of fospropofol exist in comparison to these other agents. Furthermore, there are no published clinical trials investigating the use of fospropofol for the induction and maintenance of general anesthesia or for the induction and maintenance of sedation in intubated, mechanically ventilated patients in the intensive care unit.

Dose {#sec2-3}
----

The recommended maximum dose of fospropofol is 12.5 mg/ kg leading to a loss of consciousness in about 4 min. The recommended effective dose is 6.5 mg/kg.\[[@ref2]\]

Approved indication {#sec2-4}
-------------------

Fospropofol disodium injection is Food and Drug administration (FDA) approved for use as an intravenous sedative-hypnotic agent in adult patients undergoing diagnostic or therapeutic procedures for MAC sedation.\[[@ref3]\] Fospropofol is classified as a schedule four (C-IV) controlled substance by the FDA.\[[@ref4]\]

Adverse effects {#sec2-5}
---------------

The adverse effect profile of fospropofol is almost similar to that of propofol. However, fospropofol has a lower incidence of hypotension, respiratory depression, apnea, and loss of airway patency because of its slower onset of action. However still, unintended deep levels of sedation can occur with fospropofol. Therefore, the drug should be used where one can maintain an adequate airway and support cardiorespiratory function.\[[@ref15]\]

The most common adverse events seen with this drug are paresthesias and pruritis. Paresthesias (burning, stinging or tingling) and pruritis generally occur in the perineal and perianal regions within 5 min after the initial dose of fospropofol. They are usually mild-to-moderate in intensity, transient, and self-limiting.\[[@ref21]\]

Propofol can lead to a syndrome termed propofol infusion syndrome (PRIS), which is a rare but potentially fatal complication. The syndrome is characterized by metabolic acidosis, hyperlipidemia, rhabdomyolysis, and an enlarged liver.\[[@ref22]\] It is currently not clear whether fospropofol can also result in PRIS.\[[@ref13]\] However, there is a theoretical risk of formic acid accumulation, a metabolic product of fospropofol in patients who have a folate deficiency as folic acid is required as a cofactor for the conversion of formic acid into carbon dioxide and water by an enzyme tetrahydrofolate dehydrgenase.\[[@ref15]\]

Contraindications {#sec2-6}
-----------------

According to the manufacturer labeling, no contraindications are documented with fospropofol use. Applicable contraindications to fospropofol include hypersensitivity to propofol and contraindication to general anesthesia or sedation.\[[@ref3]\]

STATUS IN SPECIFIC POPULATIONS\[[@ref3]\] {#sec1-3}
=========================================

Pregnancy {#sec2-7}
---------

Animal studies using fospropofol have not revealed impaired fertility or harm to the fetus. However, it should be used in pregnancy, only if clearly indicated.

Pediatric use {#sec2-8}
-------------

It is not recommended for use in patients younger than 18 years of age.

Geriatric use {#sec2-9}
-------------

The modified dosing regimen is recommended in patients greater than 65 years of age. However, the incidence of hypoxemia is more in patients with age more than 75 years as compared to the age group between 65 and 74 years of age.

Patients with renal impairment {#sec2-10}
------------------------------

Dosage adjustments are not required in patients with mild-to-moderate renal insufficiency (creatinine clearance, CrCl ≥ 30 ml/min). Limited data are available for patients with a CrCl \< 30 ml/min.

Patients with hepatic impairment {#sec2-11}
--------------------------------

Caution is advised with the use of fospropofol in patients with hepatic impairment.

Abuse potential {#sec2-12}
---------------

There is currently no abuse data for fospropofol, but it can lead to physical and psychological dependence.\[[@ref3]\]

CONCLUSION {#sec1-4}
==========

MAC provides a valuable bridge between moderate sedation (may be inadequate for a given procedure) and general anesthesia (may be unnecessary).\[[@ref7]\] Moreover, the expansion of outpatient procedures has raised interest in MAC sedation and appropriate MAC sedation agents. This may be due to the fact that the already existing agents are having few drawbacks which need to be taken care of. Fospropofol, a prodrug of propofol, has been introduced to the market as a potential MAC sedation agent.\[[@ref2]\] The patient can be both medically managed and safely sedated to allow for successful completion of the procedure under the direction of the anesthesiologist.\[[@ref7]\]

However, the recent retraction of six studies of the pharmacokinetic and pharmacodynamic properties of fospropofol due to possible errors in propofol assays has clouded discussion about the PK/PD of fospropofol. In addition, the published safety and efficacy studies of colonoscopies and bronchoscopies have clinical values, but are limited in that they report on the use of fospropofol in relatively short procedures, rather than longer procedures where repeated dosing might be required.\[[@ref2]\]

The commonly occurring adverse effects of fospropofol, i.e. genital and perianal itching have not interfered with the widespread clinical use of other phosphorylated prodrugs (e.g. fosphenytoin) which share the same adverse effect profile.\[[@ref23]\] Fospropofol injections are associated with less pain than propofol injections and are well tolerated. Fospropofol appears to be a promising new agent for MAC sedation, but further studies are necessary to better assess its PK/PD properties and its suitable role in the outpatient background.
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